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Arteriosclerotic Heart Disease 
Murray C. Henderson, '55 
INTRODUCTION 
Atheromatosis is man's greatest killer. In spite of world-wide accumulation 
of clinical data and extensive experimental research, knowledge of its nature can 
still be considered primitive. This paper is presented as a background and basis 
for further reading, rather than a critical appraisal of the recent literature. 
Arteriosclerosis is an omnibus term including atherosclerosis, Monckeberg's medial 
degeneration and diffuse arteriolar sclerosis. Atherosclerosis, with the rare excep-
tion of Monckeberg's degeneration, is the only form which involves the coronary 
arteries, and is the only form which predisposes to thrombosis. Inflammatory 
coronary .arteritis occurs only rarely in such conditions as syphilis, periarteritis 
nodosa, disseminated lupus, rheumatic fever and Buerger's disease. Consequently 
atherosclerosis is essentially the only disease seen in the coronary arteries. 
Coronary atherosclerosis is responsible for about 95% of deaths from coron-
ary disease, 28% of all cardiac deaths and 6% of all deaths in people over 40 
years of age. It is the cause of 40% of sudden unexpected deaths in adults. 
PATHOLOGY AND PATIIOGENESIS 
Atherosclerosis results in a patchy lipo-
idal degeneration of the intima of the 
large arteries, especially the aorta, and the 
small arteries, particularly the coronary 
and cerebral arteries. 
Ruffer has shown that Egyptians, some 
3,000 years ago, suffered from arterial 
lesions identical with those prevalent to-
day and possibly in like incidence. There-
fore, the disease is not dependent upon 
circumstances of modern life. 
Statistics indicate that 50% of those 
who die at the age of 50 and more than 
85 % of those who die after 75 are af-
flicted with moderate or advanced athero-
sclerosis. One must infer that conditions 
otherwise regarded as normal permit the 
formation of atheromatous patches in 
blood vessels. 
Man appears to be unique among mam-
mals in his predisposition to atheroscler-
osis. It occurs naturally in domestic fowl 
and can be reproduced with uncertain 
fidelity in many animals, usually under 
highly abnormal conditions. It would 
seem, therefore, that in the constitution 
of man, there is some anatomical or 
chemical peculiarity that makes him es-
pecially susceptible. 
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The influence of anatomical factors in 
the pathogenesis cannot be denied. How-
ever, no significant anatomical difference 
between the arteries of man and other 
mammals has as yet been established. 
The possibility that something in the 
chemical constitution of man makes him 
more vulnerable to atherosclerosis bas re-
ceived the most attention and the concept 
that atherosclerosis is a progressive meta-
bolic disease is now widely accepted. The 
weight of current evidence is in favor of 
some sort of chemical deviation of plasma 
from normal during atherogenesis. 
The ideal answer to the pathogenesis 
of atherosclerosis must compromise the 
numerous factors pr-edisposing to experi-
mental atherogenesis and explain the 
many clinical peculiarities of atheroscler-
osis. Within the bonds of our present 
state of knowledge the magnitude of such 
unitarian concept suggests several factors 
or a combination of factors rather than 
a single cause. 
TIIEORIES OF ATIIEROGENESIS 
Anatomical Theories 
( 1) Subendothelial fibroblasth prolifera-
tion- Early in life subendothelial fibrous 
zones develop and these enlarge with age. 
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Dock has shown that males have thicker 
coronary intimal layers, even at birth, and 
that both sexes have from birth very much 
thicker intimas in the epicardial part of the 
coronary artery than in any arteries of com-
parable size elsewhere in the body. 
It is believed that intimal thickening, 
whether innate, as in the epicardial branches, 
or acquired, as in syphilitic mesaortitis, pre-
disposes to rapid local atherosclerosis. This 
may explain why men who show about the 
same rate of atheroma formation in the 
abdominal aorta and iliac arteries as women, 
form atheromas much more rapidly in the 
coronary arteries. 
(2) Defects in the internal elastic mem-
brane-The internal elastic membrane may 
be an important barrier to the passage of 
lipid. Early in life it begins to split with 
increasing duplication, especially near the 
branching of vessels. The frequency of 
breaks in the membrane beneath atheroma, 
and the fact that atheroma are sharply 
limited to the intima as long as the mem-
brane remains intact suggests that defects 
in the membrane may play a role in athero-
genesis. 
(3) Changes in the intimal ground sub-
lance-Willis has shown that experimental 
scurvy in guinea pigs produces lesions of 
the arterial intima indistinguishable from 
the lesions which have been described in 
early human atherosclerosis. Cholesterol 
feeding results in similar lesions but with 
concurrent hypercholesterolemia and lipid 
deposits in the reticuloendothelial system 
which have no counterpart in man except 
in such conditions as primary xanthoma-
tosis, nephrosis, myxoedema and diabetes. 
Thus atherosclerosis of scurvy closely 
simulates the human form of the disease. 
It is thought that ascorbic acid is essen-
tial for the maintenance of the ground 
substance of the arterial intima. Lesions, 
therefore, are localized only at points 
where the sum of the systemic and local 
depletion exceeds the critical point neces-
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sary for the preservation of the ground 
substance. 
Acute infections and cholesterol feed-
ing both lower systemic ascorbic acid. 
·The former may explain the atheromatosis 
of youth seen after acute infections, and 
the latter may possibly be the way in 
which hypercholesterolemia produces ground 
substance injury. 
The local stress in atherosclerosis is the 
mechanical stretching of the arterial wall. 
Just how it causes ascorbic acid depletion 
is obscure, but it is a factor constantly 
present to a greater or lesser degree. 
( 4) Mechanical stress - The factor of 
importance in mechanical stress · is the de-
gree of stretching of the artery. Burton 
has shown that the degree of stretching 
is related to the blood pressure, surround-
ing tissue pressure, radius of the artery 
and curvature of a curved artery. Those 
portions of the coronary arteries which lie 
in the subepicardial tissues are exposed 
during systole both to the maximum blood 
pressure in the root of the aorta, and re-
sistance from their myocardial branches 
which are being compressed by the con-
tracting heart muscle. The result is that 
during a part of the cardiac cycle the 
pressure in the larger coronary arteries is 
unusually high. The surrounding tissue 
support is relatively lax. These factors 
may explain the fact that atherosclerosis 
of coronary arteries is usually, if not al-
ways confined to the epicardial part of 
their course and never involves the pene-
trating myocardial branches to any signi-
ficant degree. 
(.5) Intimal hemorrhage- Paterson first 
pointed out the importance of intimal 
hemorrhage into an atheromatous plaque. 
Normally the intima receives its nourish-
ment by diffusion from the arterial lumen 
and from the vasa vasorum which pene-
trate into the outer two-thirds of the 
media. In atherosclerosis, dilated capil-
laries invade the intima from the vasa 
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vasorum, and sometimes 'directly from the 
main arterial lumen. These capillaries 
frequently rupture due to atheromatous 
softening. The resulting intimal hemorr-
hage may occlude the artery by its bulk 
or by precipitating thrombosis. 
(6) Thrombogenic atheroma - Daguid 
suggests that some of the lesions regarded 
as atheromatous are arterial thrombi which 
have become incorporated in the intima. 
When the thrombus contains large num-
bers of red blood cells, fatty degeneration 
occurs, and this may give a picture indis-
tinguishable from that of an atheromatous 
plaque. However, the question is raised 
as to why atheroma do not form in veins 
where thrombi are common. It is sug-
gested that the underlying thin-walled 
veins prevent the accumulation of lipids 
in the venous thrombus. 
(7) In;ury - Wintemitz believes that 
atheroma are closely associated with inter-
ference with the blood supply of sub-
intimal areas by injury to the vasa vaso-
rum. This is supported by experimental 
atherogenesis produced by injury to ves-
sels by cold, allylamine, internal hemorr-
hage and trauma. 
Biochemical Theories 
( 1) Theories related to cholesterol meta-
bolism-Cholesterol is concerned with the 
transport of fatty acids to the cells for 
utilization. Esterification occurs in the in-
testine. The ester is largely absorbed by 
lymphatics and is carried in the plasma 
in combination with A and B lipopro-
teins. In the tissues the fatty acid is split 
from the cholesterol by means of an 
esterase. The fatty acid is utilized by the 
cells and the cholesterol is removed. 
Theoretically the process may become up-
set because the cholesterol esters are pre-
sent in too great amount or because the 
enzyme system itself breaks 'down. 
In the past much emphasis has been 
placed on the possibility that the deposi-
tion of atheromatous material in arterial 
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walls may be dependent upon the con-
centration of total cholesterol in the 
plasma. This view was supported by the 
fact that cholesterol-containing lipid com-
plexes are the unique hallmarks of the 
atherosclerotic lesion and as well by the 
fact that premature severe atherosclerosis 
is regularly encountered in several disease 
states associated with chronic hyperchol-
esterolemia. However, in the vast major-
ity of cases of human atheroma there is 
no evidence of hypercholesterolemia. The 
results of experimental cholesterol athero-
sclerosis are refuted by many workers on 
the basis that in susceptible animals such 
as the rabbit, the normal blood cholesterol 
is low and is markedly raised by the ad-
ministration of cholesterol, whereas in 
man the normal level is high and is un-
affected by the acute intake of large 
amounts of cholesterol. 
Although some workers still believe 
that a high cholesterol content in the diet 
is the essential etiological factor, it ap-
pears more probable that the fault lies in 
the enzyme system within the arterial 
wall. Various factors may be responsible 
for interference with the ester-splitting 
mechanism. Of these factors heredity, 
age and stress are probably the most im-
portant. The esterase mechanism also may 
be under chemical or hormonal control. 
Evidence suggests that the metabolism 
of vessels is not very different from that 
of most other tissues. The arterial wall 
is capable of respiration and can synthe-
size and oxidize fatty acids, phospholipids 
and cholesterol. It is possible that the 
metabolism of the vessel itself may con-
stitute the key to the problem of athero-
genesis. 
(2) Cholesterol-Phospholipid Ralios-
Ahrens and Kunkel first suggested, in 
1949, that a decrease in the amount of 
phospholipid in proportion to the amount 
of cholesterol might augment the deposi-
tion of cholesterol in vessels. The loss of 
the peptizing action of phospholipid con-
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ceivably might allow the precipitation of 
the insoluble cholesterol, but the mecha-
nism of such an action is not known. Most 
of the lipid phosphorus of plasma repre-
sents the choline containing phospholipid-
like lecithin. 
The ratio gives a better clinical correla-
tion than total cholesterol and is more 
constant than the concentration of either 
lipid. Later it was found that hepatic and 
metabolic diseases may affect the ratio 
without any concomitant atherosclerosis, 
and also that the ratio is normal in meta-
bolic diseases considered prone to athero-
sclerosis. Wilkinson, given total choles-
terol values in a series of patients, in the 
absence of hepatic failure, was able to 
predict the cholesterol-phospholipid ratios 
within narrow limits. Thus. the ratio is 
probably no more useful than cholesterol 
as an index of atherosclerosis. 
(3) Theories related to chemical and 
physical nalttre of lipoproteins - Both 
cholesterol, free and esterfied, and phos-
pholipid exist together in the serum as a 
macromolecule conjugated with serum 
proteins. In the form of lipoproteins the 
lipids are kept in a very labile and rapidly 
exchangeable form. 
The lipoprotein molecules may be sepa-
rated both by their physical and chemical 
properties. When subjected to ultracen-
trifugation they tend to float toward the 
surface because of their high fat content. 
This property can be measured in well de-
fined physical terms known as Svedberg's 
flotation units (Sf) . The high Sf species 
have a greater concentration of neutral 
fat and the low Sf species a greater con-
centration of cholesterol. 
Gofman has proposed the hypothesis 
of lipoprotein interconversions. He be-
lieves the spectrum of lipoproteins repre-
sents a sequence of molecules in a meta-
bolic chain involved in the degradation 
and utilization of neutral fats and fatty 
acids. The interconversion occurs from 
lower to higher density by the abstraction 
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of neutral fat. Consequently the smooth 
degradation of lipids would be interferred 
with if too much lipid was put into the 
system or if a block existed to the ready 
interconversion of the different classes. 
He believes that certain classes of lipo-
proteins, especially Sf 12-20 and Sf 35-100 
are atherogenic. The Sf 12-20 group is 
not immediately sensitive to food inges-
tion, while the Sf 35-100 group may be 
greatly elevated by a fat containing meal. 
The core of the problem is whether these 
restricted classes are, in fact, the ones 
which signal developing atheroma and 
whether they are the ones which appear 
in blood vessels as deposits. There is no 
clear answer to either question. 
When subjected to electrophoresis the 
lipoproteins separate themselves into two 
main groups, the alpha, associated with 
albumin, and the beta, associated with 
globulin. The A lipoproteins are smaller, 
more dense and contain 2.7 times as much 
phospholipid. About 70% of the lipids 
in normal fasting human serum is in the 
B fraction. The fact that in many ·dis-
eases associated with hypercholesterolemia 
the B lipoprotein may be increased, while 
the A lipoprotein may be either normal 
or low, suggests separate mechanisms for 
their control. The evidence tends to in-
criminate the larger and lighter lipopro-
tein fraction. 
Barr proposes the theory that there is 
a pathogenic significance in the distribu-
tion of lipids between A and B lipopro-
teins. He believes that the value for dis-
tribution of cholesterol between A and 
B lipoprotein is more constantly disturbed 
than the concentration of total choles-
terol, Sf 10-20, or the cholesterolphospho-
lipid ratio. However, the differences be-
tween normal and abnormal are small, 
and the changes are absent in many cases 
with unequivocal evidence of athero-
sclerosis. 
( 4) Theories related to protein metabo-
ism-So little is known about the chemical 
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and physical constitution of the protein 
which transports and keeps the lipid in 
solution, and how the lipid is split off, 
that it would be unwise to assume their 
constant normality. Therefore, defective 
protein metabolism may be quite as im-
portant as defective lipid metabolism. 
Filtration Concept 
The nutrition of the inner layers of 
arterial walls is provided by fluid derived 
from the plasma, which permeates the 
intima from the lumen and seeps through 
the arterial wall to be drained off by the 
venules and lymphatics of the outer layers. 
As a corollary to this concept it has been 
assumed that the lipids that accumulate 
in the intima in atherosclerosis are de-
rived from the nutritive fluid that filters 
through it from the lumen. 
The filtration concept is based on the 
assumption that atherogenesis is due to 
tissue reaction to the substances filtered 
from plasma and deposited in the intima. 
Most of the filtered materials pass on 
harmlesly but some may be retained be-
cause the vessel fails to function properly 
as a filter, or the size, shape and charge 
of the lipoprotein are such that they stick. 
The reaction which ensues depends upon 
the nature of the lipids deposited and the 
responsiveness of the tissues to it. 
The filtration concept consolidates many 
of the previously mentioned theories. It 
is useful as a working hypothesis. How-
ever, the role of heightened blood lipid 
levels, the form in which lipids enter the 
intima, their mode of transit through the 
lining endothelium, and whether intimal 
degeneration precedes or follows imbibi-
tion of plasma are distinct problems yet 
to be elucidated. 
PREDISPOSING EXPERIMENI'AL 
AND CUNICAL FACI'ORS IN 
ATHEROGENESIS 
The following predisposing experimental 
and clinical factors are presented in order 
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to show the diversity of the many lines 
of research and to attempt to correlate 
the better known findings with the theor-
ies which have been proposed. 
(I) Age and Sex-Clinically it is known 
that no human is born with atherosclerosis 
and the disease is rare or absent in normal 
childhood. Both in its extent and in the 
frequency of its complications the disease 
becomes more threatening with age. While 
not absent in all young women, its com-
plications are seldom seen before the 
menopause. Older men and women ap-
pear to be about equally affected. It is 
four times as common in men as in wo-
men, but under the age of 40 it is forty 
times more common in men. 
Reference has already been made to 
Dock's finding that males have thicker 
coronary arteries even at birth. 
The plasma lipids of newborn infants 
are strikingly similar to patterns for ani-
mals in which atherosclerosis does not 
develop spontaneously. An approximate 
adult pattern is obtained shortly after 
birth except that the Sf 12-20 fraction is 
present only in small quantities. A rise 
in cholesterol with age occurs in some in-
dividuals but not in others. On the aver-
age a peak in cholesterol levels is reached 
at the age of 55 in males and 60-70 in 
females, but young men and women have 
equal concentrations. In males, the Sf 
12-20 fraction shows a rapid rise between 
the age of 25-30 and stays at a high level 
until the age of 60. In females the rise is 
slow between 25-60 and only at 60 'do 
they reach the high figure which males 
have at 30. In young women a greater 
percentage of the total cholesterol is in 
the A lipoprotein. The lipid composition 
of plasma in males and females after the 
age of 45 differs very little. 
(2) Predisposing diseases - Premature 
severe atherosclerosis is regularly encoun-
tered in several disease states associated 
with hypercholeterolemia. In diabetics 
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the incidence of coronuy atherosclerosis 
in males and females is about equal. These 
conditions show regular disturbance in 
the lipid pattern. Hypercholesterolemia is 
common to all of them, the Sf fraction is 
greatly increased, relatively little of the 
total cholesterol is combined with A lipo-
protein, and the cholesterol-phospholipid 
ratios are higher than normal. 
(3) Hypertension-There is a high cor-
relation between the incidence of hyper-
tension and atherosclerosis. It is suggested 
by some that the two conditions are the 
result of a common etiological factor, and 
by others that hypertension is a direct 
cause of atherosclerosis. That it is not 
the only factor is indicated by the fact 
that the majority of cases of atheroscler-
osis under the age of 45 are not hyper-
tensives. 
The relationship of localized hyperten-
sion to atherosclerosis has been supported 
by studies of vascular anomalies and intra-
arterial pressures. It forms the basis for 
many of the mechanical theories. The 
lipoproteins are normal in early essential 
hypertension but as the hypertension be-
comes severe or malignant there is a 
marked disturbance in the normal lipid 
pattern with increase in serum cholesterol 
and various lipoproteins. 
Master, in a statistical study relating 
the occurrence of coronary occlusion to 
the presence of hypertension, as defined 
by standards related to age and sex, has 
shown that almost 50% of coronary oc-
clusions in males occur between 50 and 
6o years of age. The average age for 
males was 51 years and for females 55 
years. Only 27% of the males had hyper-
tension prior to coronary occlusion, where-
as 71 % of females had hypertension pre-
ceding the attack. Recent postmortem 
studies are in keeping with these findings. 
Therefore, hypertension does not appear 
to be a factor in producing coronary dis-
ease among men, but it is a definite 
factor in its production among women. 
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It is known that below 45 the normal 
arterial tension is lower in women, but 
beginning at the age of 45-50 it is slightly 
higher. 
( 4) Diet-The average adult consumes 
400-500 milligrams of cholesterol a day 
along with a variable amount of plant 
sterols which are poorly absorbed. The 
normal human liver can synthesize 1.2 
grams of cholesterol per day. The rate 
of synthesis of endogenous cholesterol 
appears to be inversely proportional to 
the rate of cholesterol ingestion. Thus 
the liver can compensate easily for all 
reasonable variations in cholesterol intake. 
Serum cholesterol levels are unaffected 
by the acute intake of large amounts of 
fat and cholesterol. They are significantly 
lowered by rigid fat restriction even when 
sufficient calories are provided to prevent 
loss of weight. However, beyond six 
weeks continued fat restriction fails to 
maintain the fall in serum cholesterol 
previously established. The drastic reduc-
tion of both dietary fats and calories leads 
to a .significant reduction in the serum Sf 
12-20 and Sf 35-100 lipoprotein fractions 
and total cholesterol in the majority of 
subjects. Even on a diet almost com-
pletely lacking in cholesterol, the serum 
cholesterol will rise and the lipid pattern 
will change provided fat an·d total calories 
are undesirably high. There is a very great 
difference in blood cholesterol levels be-
tween natives of regions where athero-
sclerosis is rare and those where it is fre-
quent. 
(.5) Obesity- Wilens studied the inci-
dence of advanced atherosclerosis in 1250 
necropsies and found that the proportion 
of the overweight group with coronary 
atherosclerosis was markedly in excess, 
particularly in obese males. Another study 
found significantly fewer atherosclerotic 
lesions in those who were underweight 
but no more in the adipose group than in 
a normal group. Therefore, underweight 
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may be protective against atherosclerosis, 
without confirming the thesis that adipo-
sity per se is necessarily deleterious. 
Dedichen showed that there was a strik-
ing reduction in circulatory deaths in 
Oslo between 1940-45, when the entire 
population was under rigid dietary con-
trol. However, this may be due to the 
fact that the really adipose patient is more 
subject to thrombo-embolic disease than 
patients of normal weight. 
Gofman has shown that Sf 35-100 is 
significantly elevated in the obese and 
there is a smaller though still significant 
elevation in the Sf 12-20 fraction. 
The role of obesity is poorly under-
stood but overweight in itself, except per-
haps in extreme instances, has not been 
shown to be a primary cause of coronary 
disease. It may contribute to hypertensive 
heart disease. The control of obesity by 
dieting is desirable, but it is not likely 
to reduce heart disease mortality to a 
marked degree. 
( 6) Body type - An individual with 
predominant muscularity, compactness, 
and maleness (i.e. mesomorph) is most 
likely to have an infarct under 40. 
(7) Heredity-Moctensen has shown a 
family history in 67.5% of cases of ath-
erosclerosis. This tendency is particularly 
marked in coronary atherosclerosis. 
(8) Hormones-Diabetes mellitus, hypo-
thyroidism, Cushing's syndrome, and pro-
longed cortisone therapy are often asso-
ciated with hypercholesterolemia and ath-
erosclerosis. These facts, along with the 
relative immunity of premenopausal wo-
men to coronary atherosclerosis, suggest 
clinically that hormones may play a role 
in atherogenesis. 
Experimentally the hypercholesterolemia 
and atherogenic action of cholesterol feed-
ing is counteracted in rabbits and chicks 
by thyroid hormones and is aided in dogs 
by propylthiouracil. 
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Katz and Stamber have shown that es-
trogens prophylactically inhibit coronary 
atherosclerosis in cholesterol fed cockerels 
without exerting any effects on athero-
sclerosis in the aorta. It is known that 
estrogens reverse both the lipophagic and 
fibroblastic components of coronary ath-
erosclerotic plaques. These facts are sig-
nificant because they demonstrate that 
atherogenesis proceeds according to dif-
ferent laws in different vascular beds and 
also that coronary atherosclerosis is a re-
versible process. 
The oral administration of estrogens in 
amounts sufficient to cause gynecomastia 
and other side effects to survivors of myo-
cardial infarcts in every instance showed 
a marked change in the lipid patterns of 
the plasma. The values finally obtained 
were approximately those of young healthy 
men. When the medication was discon-
tinued the concentration and distribution 
of lipids returned promptly to their pre-
vious levels. 
The administration of testosterone 
causes changes in lipids opposite to those 
observed following administration of es-
trogens and also will promptly reverse 
the effects of estrogens. This suggests 
that testosterone may not be a desirable 
medication in patients with extensive 
atherosclerosis. 
(9) Heparin - Numerous experimental 
studies related to the pattern of lipo-
proteins, postprandial lipemia, hormones, 
and species anatomical differences sug-
gest that heparin may play a primary 
role in atherogenesis. Heparin is related 
chemically to mucopolysaccharides and 
acts as a plasma "clearing factor". Heparin 
is thought to arise from mast cells dis-
posed about the blood vessels, and the 
absence of these cells may cause a local 
or systemic depletion of heparin with a 
resultant increase in plasma turbidity and 
perhaps lipid "deposition. 
(10) Physical Acti11ity - Morris has 
shown that men in physically active jobs 
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have a lower incidence of coronary heart 
disease in middle age than men in physi-
cally inactive jobs. More important, the 
disease is not so severe and tends to pre-
sent first as angina pectoris and other 
relatively benign forms. This may be due 
to the massaging action of active exercise 
on the venules and lymphatics of the 
outer layers of the arterial walls. 
DIAGNOSIS 
The diagnostic manifestations of ar-
teriosclerotic heart disease include: 
1. Angina pectoris if calcific aortic 
stenosis, severe anemia, luetic coro-
nary ostial stenosis and a few less 
common causes can be excluded. 
2. Myocardial infarction, although rarely 
other disease such as periarteritis 
nodosa may also cause myocardial 
infarction. 
3. Cardiac asthma or pulmonary ede-
ma, congestive heart failure, Adams-
Stokes syndrome, E.C.G. changes, 
x-ray abnormalities, ballistocardio-
graphic observations, and exercise 
tolerance tests are strongly sugges-
tive if rheumatic cardiovascular dis-
ease or syphilitic heart disease can 
be excluded. 
No one test is pathognomonic and all 
of them together fail to establish proof 
of the extent or even the presence of the 
process. A few strategically located 
patches of atheroma may cause severe 
symptoms, whereas widespread involve-
ment may be entirely asymptomatic. Con-
sequently the establishment of "normal" 
control groups among adults is inherently 
unsound. 
The attempts made to determine a bio-
chemical procedure of prognostication 
and diagnosis include total blood choles-
terol, cholesterol-phospholipid ratios, and 
qualitative disturbance of serum lipopro-
teins. They are applicable to large groups 
with varying degrees of success but all of 
them fail on an individual basis. 
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PROGNOSIS 
The average age at diagnosis of angina 
pectoris was 58.5 years for males and 60.1 
years for females. Survival studies show 
that mortality was greatest in the first 
year (15%) and about 9% per year 
thereafter. The prognosis is better for 
women than for men. 
(Block) The average longevity for pa-
tients suffering from angina pectoris with-
out consideration of presence or absence 
of coronary thrombosis with infarction, is 
five years. 
(Parker) After the first attack of coro-
nary occlusion 45% of males and 40% of 
females were alive at the end of the fifth 
year (Sigler). In cases with infarction 
75% were dead at the end of three years, 
(Katz) , and only 18% of those who sur-
vived the first attack were able to return 
to a full and active life. 
TREATMENI' 
( 1) Prophylactic 
It is hoped that agents will be found 
which consistently and harmlessly reduce 
hyperlipemia and/or inhibit atherogene-
sis. At the present there may be ways of 
slowing the development of atheroscler-
osis or aiding its resolution but there are 
no practical ways of preventing it or cur-
ing it as judged by experiments in ani-
mals. The following are most worthy of 
further investigation: 
(a) low caloric, low fat diet 
(b) iodide and thyroid administration ' 
(c) heparin-like substances 
(d) estrogens 
(e) dihydrocholesterol and other 
cholesterol analogues 
(f) brain extracts 
(g) active exercise 
( 2) Palliative 
Until recently the treatment of coro-
nary artery disease has been largely pal-
liative. The success of this type of treat-
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ment is a tribute to nature's resources. 
The patient survives only if the vessel 
occluded is not large enough to produce 
immediate death, or a gradual narrowing 
of the arteries prior to the occlusion has 
stimulated a protective collateral circu-
lation. 
( 3) Surgical 
Arteriosclerosis of coronary arteries is 
normally, if not always, confined to the 
epicardial part of their courses and never 
involves the penetrating myocardial 
branches to any significant degree. Thus, 
a transplant bridges over the blocked 
superficial coronary vessel and reaches 
the intact deep arteriolar system. Injection 
studies of autopsy specimens in cases of 
long-standing coronary insufficiency have 
revealed the following ways by which in-
adequate coronary flow may be supple-
mented. 
(a) The development of anastomotic 
pathways between the adjacent 
branches of coronary arteries. These 
pathways are probably normally 
present but non-functional. 
(b) The formation of an anastomosing 
network of small vessels at the base 
of the heart connecting the sys-
temic and coronary circulations. 
This is the basis for the formation 
of adhesions and the use of peri-
cardium, omentum, muscle flaps, 
mediastinal fat, and other tissues 
as pedicle grafts. 
(c) The dilatation of Thesbian veins 
deep in the myocardium. These 
veins probably function as an aux-
iliary to the coronary sinus and 
anterior cardiac veins in returning 
venous coronary blood to the cavi-
ties of the heart. It is thought that 
during longstanding coronary in-
sufficiency there is a reversal in 
the direction of flow through these 
dilated channels. This approach 
led to the introduction of arterial 
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blood into the venous system of 
the heart by anastomosis of a sys-
temic artery into the coronary sinus, 
or later by a vein graft between 
the aorta and coronary sinus. 
Other surgical methods included the 
implantation of a systemic artery such as 
the internal mammary directly into the 
myocardium, thyroidectomy to lessen the 
work load of the heart, and thoracic or 
pericoronary neurectomy to relieve the 
factor of cardiac spasm. 
The period of early coronary narrow-
ing when myocardial damage is minimal, 
is the opportune time to apply a method 
of revascularization. 
CONCLUSION 
Coronary atherosclerosis because of its 
high mortality and unknown etiology is 
one of mankind's most important diseases. 
Until such time as the cause is determined 
and an accurate method of antemortem 
diagnosis is found the prognosis will re-
main poor, and the treatment will be 
essentially supportive. 
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Functional Heart Disease 
Kenneth Turnbull, '55 
INTRODUCTION 
A syndrome with the signs and symptoms of a cardiovascular disturbance 
but unaccompanied by any demonstrable pathology first received recognition with 
Da Costa's classical description of a condition occurring among the troops of the 
American Civil War. Generally confined to the 18 to 3~ age group, it is estimated 
to occur in :5 to 10% of the general population and in 3 to 5% of those afflicted 
with organic heart disease. It affects women almost twice as frequently as men. 
Variously designated as soldier's heart, disorderly action of the heart, effort syn-
drome, cardiac neurosis, neuro-circulatory asthenia, etc., according to the specific 
interest of the investigator, the multiplicity of terms underlines the controversy 
as to its exact nature. 
MANIFESTATIONS 
Symptoms-Characteristic of any func-
tional disease, the symptoms are notable 
for their number and may include any 
combination among forty or more, e.g., 
fatigue, dyspnea, irritability, palpitation, 
chest pain, syncope, headache, paraesthe-
siae, weakness, sighing, phobias, nausea, 
frequency, etc. Of these the following 
occur most commonly and demand special 
interest. 
Breathlessness - precipitated frequently 
in a crowd or an emotional situation, it 
arises at rest or after minimal effort and 
is often described as a feeling of being 
"unable to get enough air". Respiration 
may be rapid, irregular, and punctuated 
by deep sighs. Unlike a normal individual 
a person with functional heart disease is 
rarely able to hold his breath for as long 
as thirty seconds or to increase this 1.3 
times following a forty-five second period 
of hyperventilation. He will continue to 
hyperventilate when a control subject goes 
into voluntary apnea. 
Palpitation - relating very strongly to 
emotional stimulus, it is accompanied by 
an increase in blood pressure, pulse and 
cardiac output very similar to the reaction 
produced by the administration of adren-
alin. 
Chest pain-differs from that of cardiac 
ischemia characteristically in that it is 
located in the left infra mammary or 
precordial area, is unrelated to exercise, 
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and is of a momentary, sharp, stabbing, 
breath catching nature. Local infiltration 
of the area with novocaine will often 
abolish the pain. Some have a persistent, 
dull precordial ache that may be aggra-
vated by lying on the left side. These 
cases commonly have a tendency to costal 
breathing and fluoroscopic examination 
may reveal a spastic diaphragm. Occasion-
ally the pain resembles that of true heart 
disease rather closely, and other data must 
be relied upon to differentiate or resolve 
the condition from an organic disturb-
ance. 
Fatigue-is a very prominent complaint 
in neurocirculatory asthenia (NCA). Present 
at all times, it is not relieved by sleep and 
is made by worse by slight effort, especi-
ally if there is an emotional element in-
volved, e.g., life threatening war situation. 
Frequently coupled with fatigue are 
chronic irritability, vague or throbbing 
headaches, and transient dizziness. Not a 
vertigo, the dizziness is a "feeling of about 
to faint" and is commonly initiated by an 
orthostatic hypotension due to an auto-
nomic imbalance; less often, it is a symp-
tom of cerebral vasoconstriction following 
hyperventilation. 
Signs - General - asthenic physique; 
irregular, coarse tremor; tender precor-
dium; excess perspiration in emotional 
areas, i.e., axillae, palms, soles; hyper-
thermia often, but less than 100.4 deg F 
and probably the result of peripheral vaso-
constriction. 
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Respiratory-dyspnea, tachypnea, sigh-
ing, tests (vide supra). 
Cardiovascular-overactive heart, slightly 
increased pulse, arrhythmia, blood pres-
sure in the range of 1~0/90, flushed face, 
deceleration time after exercise (10 times 
on and off a chair) greater than two 
minutes. 
Neurological-hyperreflexia. 
An individual suffering from functional 
heart disease will exhibit several of these 
signs while nine out of ten of normal 
persons will possess only one, and one 
half of normal young adults will have no 
signs whatsoever. 
Psychiatric aspects- Psychological tests, 
e.g., Rorschak, multiphasic, place these 
cases in the category of neuroses. 
There is a family history of neuroses 
in over one half of cases as compared to 
5 to 10% in controls, and two thirds de-
scribe neurotic traits in childhood, e.g., 
sleepwalking, nightmares, bed wetting, 
tics, phobias, etc. 
Clinical pathology-Blood studies, urin-
alysis, and BMR are normal. The ECG 
is negative, although there may be tachy-
cardia and prominent P waves. Radio-
logical findings are normal; the heart is 
often rather small. 
Experimental evidence: 
(1) The concentration of blood lactate 
is twice normal during exercise al-
though there is no difference in 
the basal state. 
{2) Oxygen consumption is low during 
hard work. 
(3) Central stimulants, e.g., caffeine, 
amphetamine, will reproduce the 
symptoms in NCA patients but not 
in controls. Peripheral autonomic 
drugs produce a subdued reaction 
that shows no appreciable differ-
ence between controls and those 
with NCA. 
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( 4) Chemical analysis of blood and 
urine excludes respiratory alkalosis 
as a main factor in explaining the 
symptoms. 
(5) There is no change in the 17 keto-
steroid excretion in the urine. 
Therefore, there is no stress in-
volved, or it is an unusual form of 
stress, or 17 ketosteroid excretion 
is not a good indication of stress. 
( 6) There is an excessive response to 
stimuli, e.g., noise, thermal, anti-
cipation, etc. 
(7) Palmar sweat is not a reliable diag-
nostic sign. 
Cohen says that certain of these factors 
resemble the state of women, old men, 
and those in a poor state of training. 
NATURE 
One authority, Cohen, emphasizes the 
pathophysiological aspect of the disease. 
Referring to the disease as neurocircula-
tory asthenia he defines it as a disorder 
characterized by a combination of the 
signs and symptoms discussed above and 
states further that "cardiac neurosis is 
not a disease entity; most patients thus 
labelled probably have neurocirculatory 
asthenia". Others are more impressed 
with the psychopathology and hold that 
the reverse is true. The purely physio-
logical approach is illustrated by an ex-
ample withdrawn from Crookshank-if 
one comes upon a person overwrought 
with weeping and concerns himself solely 
with the quantity of tears, the irritation 
of the lacrimal glands, the hypertrophy 
of the ducts, and calls the condition "par-
oxysmal lacrimation" a vital and obvious 
psychic aspect of the situation has been 
ignored. Miles and Cobb take a moderate 
view by suggesting a frequency curve dis-
tribution in which a few patients will 
have entirely somatic or neurotic prob-
lems, but in which the majority will have 
a mixture of the two. Evidence is accu-
mulating to favour the psychological 
approach. 
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All of us are personally familiar with 
the bodily responses to emotion. By and 
large, they are too fleeting to disturb the 
normal individual. On the other hand, 
those with a psychiatric disorder react 
much more easily and the manifestations 
persist much longer; emphasis is channel-
led into one organ system or another 
although the essential problem may be 
the same. This is usually associated with 
an overt or latent anxiety state but' may 
be present in any disturbance embodying 
a strong emotional flavour, e.g., hysteria, 
reactive depression. 
A striking familial incidence is found. 
When affected children are used as in-
dices, both parents normal, 27.5 % chil-
dren affected ; one affected, 37.7% chil-
dren affected ; both parents affected, 
61.9% children affected. There is also an 
unusual preponderance of alcoholism in 
the same families. Many conclude that 
this is proof of a hereditary basis for the 
disorder, probably of the nature of a 
Mendelian dominant. Others stress the 
environmental influence of a tension rid-
den neurotic household on the impres-
sionable young child. They point out that 
neuroses may be produced experimentally 
in animals by regulated stress situations, 
and also that W odd War Two demon-
strated that even the most stable and well 
integrated individual will break under 
prolonged duress of high emotional in-
tensity. Most likely, heredity is the pre-
disposing factor while environment pro-
vides the precipitating factors. 
Many patients attribute the cause of 
their illness to fatigue. And yet, during 
the war, with the conditions favouring 
_ the development of the most extreme fa-
tigue, there were few such casualties un-
less there was enemy opposition to the 
advancement. Combat experience revealed 
a direct relationship between the number 
of combat casualties and the number of 
psychiatric cases, presumably correlated 
with the emotional content of the situa-
tion. 
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The precipitating factors are usually 
multiple and complex as it is unusual for 
an isolated incident, e.g., an over cautious 
or uninformed physician suggesting a 
diagnosis of heart disease or overempha-
sizing a murmur, to produce his syndrome. 
It may be noted that the incidence in those 
with organic heart disease is less than 
one-half that of the general population. 
The reaction may be instigated by fear, 
e.g., fear of failure, fear of unemploy-
ment, fear of responsibility or it may be 
launched by unfulfilled desires related 
to sex, social life, etc., which together 
as incessant, tiny multiple blows to the 
personality structure acting over a pro-
longed time are equivalent to an obvious 
and perhaps life threatening situation 
over a short period. If the individual 
ascribes. his symptoms to some organic 
disturbance the ingredients for the pro-
verbial vicious circle are present in full 
force. When centred on the cardiovascu-
lar system the association of heart disease 
with certain, untimely death adds a new 
fear which in turn aggravates the original 
symptoms. Inevitably, if the process is 
allowed to continue, the initial and the 
subsequent associated conditioned reflexes 
and self-perpetuating mechanisms become 
so entrenched that they persist after the 
original anxiety is resolved. Unless there 
is an early attack on the problem there 
may be such a complicated entanglement 
that solution is a remote possibility. 
DIFFERENTIAL DIAGNOSIS 
NCA may be differentiated from con-
ditions of cardiac ischemia by the age, 
sex, characteristics of the pain, duration 
of pain, and ECG findings. Difficulty 
may arise if both are present. Diagnosis 
should be positive, not by a process of 
exclusion. 
Tremor, rapid pulse and "nervous-
ness" are symptoms held in common with 
thyrotoxicosis, but they may be distin-
guished by age, eye signs, weight loss and 
laboratory tests such as the BMR. The 
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nervousness of thyroid disease is one of 
restlessness and easy startle reaction while 
that of NCA is one of irritability. 
Patients during convalescence frequently 
show vasomotor instability and effort in-
tolerance, but there is no overt anxiety, 
the symptoms are not present at rest, and 
recovery is rapid. 
Tuberculosis may be ruled out by x-ray, 
anemia by hemoglobin estimation. Bru-
cellosis may be suspected if there is an 
increased ESR; the dizziness of Meniere's 
syndrome is a vertigo; a seizure or loss 
of consciousness beyond a few seconds 
points out epilepsy; flushes and "nerves" 
may be the special property of the meno-
pause. 
Beware of compensation board neurosis, 
SBE, juvenile spondylitis, spontaneous 
hypoglycemia, vitamin deficiency, and 
endocrine anomalies. 
Management 
The diagnosis is usually readily appa-
rent from the history, but in order to 
confirm the physician's opinion and es-
pecially to assure the patient of a thor-
ough investigation this should be followed 
by a complete physical examination. At 
this point the patient may be given some 
idea of his illness, and if it is necessary 
to rule out some other or complicating 
disease or to fully satisfy the patient's 
doubts certain laboratory tests can be per-
formed - ECG, chest x-ray, blood, urine, 
etc. It is important that the physician tell 
the patient the expected results, for if he 
reports each one as negative suspicions as 
to his competence may be aroused and the 
patient goes to another to be absolutely 
sure. 
Treatment revolves around psycho-
therapy. In the first World War this was 
ignored and only 20% were returned to 
full duty; in World War II early treat-
ment of the person's emotional problems 
permitted over 70% to return to full 
duty, most, however, in a non combative 
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capacity where their work was satisfactory 
or better. Psychotherapy is not restricted 
to the specialist; the number of cases is 
prohibitive, and many of the minor ones 
may be treated best by the general prac-
titioner. Of primary importance is the 
doctor's interest in the case and his res-
pect for the patient, for it is only in this 
way that full confidence will be won and 
the therapy successful. Above all the 
psychotherapist's attitude must be con-
cerned with understanding, not judge-
ment, for as Walker points out, the doc-
tor who believes that this condition is 
due to constitutional inadequacy or that 
the patient is made of "second rate stuff' 
cannot conceal his attitude for long, and 
the patient becomes resentful and distrust-
ful. The therapist needs only to make a 
critical examination of his own emotional 
reactions. 
Reassurance is the first step; the phy-
sician must establish that he is familiar 
with the condition, that it is only of a 
temporary nature, and that it is never 
fatal. Induce the patient to come to terms 
with his symptoms by explaining and giv-
ing examples of how a fearful incident 
may give rise to rapid pulse, excess per-
spiration, nausea, etc. Explain how an 
unconscious or vague fear acting over a 
long time is as effective in producing 
this reaction as some sudden, unexpected, 
obvious stress. It must be realized that a 
series of interviews will in the long run 
be less expensive than repetitive tests, 
consultations, and frequent hospitalization 
for 'investigation'. 
Explanation will serve as palliative 
treatment but will not disclose the cause 
and, hence, the cure for the illness. With 
the establishment of confidence and trust 
the stage is set to delve into the more 
personal aspect of the history - daily 
habits, family life, social life, attitudes on 
various problems. The psychotherapist 
occupies a supportive role and by interest 
and the ability to listen encourages the 
patient to ventilate his troubles in his own 
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way. The greatest tact must be used to 
shift the emphasis from the organic symp-
toms to an insight and understanding of 
the underlying problem. Advice is to be 
offered sparingly. Suggestion and persua-
sion are much less effective than when 
the patient discovers the solution of his 
own accord. All previous medications are 
discontinued and a gradual but constant 
return to normal activity is arranged. As 
the patient learns to be more critical of 
his reactions he will become aware of and 
accept his self limitations and will be able 
to assume responsibility and utilize his 
energy more effectively. 
With favourable circumstances such as 
an acute attack, illness of short duration, 
no predisposing hereditary factors, mild 
stress, reassurance and explanation may 
be all that are needed for complete recov-
ery. In contrast, if the condition is chronic 
and shows a strong hereditary predisposi-
tion the problem may be insuperable. In 
this instance, some relief may be achieved 
by periodic interviews for blowing off 
steam and by manipulation of environ-
mental factors. In other words, attention 
is concentrated on the patient if the prog-
nosis is good but is directed toward the 
environment if it is bad. 
As a temporary measure accessory medi-
cal therapy may be employed as a crutch 
to make the transitional period easier. 
Sedation such as phenobarbital gr Y-t·¥2 
tid, Tuinal gr iii hs decreases irritability, 
lessens tension and ensures a good night's 
rest. An antispasmodic might be useful 
for gastric upset. Dietary excesses, e.g., 
coffee, tea, cola drinks, alcohol, smoking 
should be moderated. Quinidine gr iii tid 
may be necessary to relieve arrhythmias 
or paroxysmal tachycardia. Amphetamine 
can be used to alleviate fatigue and im-
prove the sense of well being. However, 
this is a secondary, and many feel unneces-
sary, part of therapy. 
Major cases will be helped by the 
specialized experience and techniques of 
a psychiatrist. 
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Prognosis 
As was intimated 'under management 
the prognosis of a given case deteriorates 
with the chronicity of the illness, and for 
that reason the physician is obliged to 
make a concerted effort to halt the process 
at the first opportunity. 
A twenty year follow-up by Wheeler et 
al found that 12% of the patients recov-
ered, 35% had symptoms but no disabil-
ity, 38% had symptoms and mild disa-
bility, 15% had symptoms with moderate 
or severe disability. They found no in-
creased incidence of those diseases com-
monly believed to have a prominent 
psychosomatic aspect, e.g., asthma, hyper-
tension, peptic ulcer, ulcerative colitis, 
thyrotoxicosis, hysteria, or schizophrenia. 
The condition was never fatal, in fact, 
fewer deaths occurred than were statisti-
cally expected. As avid proponents of the 
pathophysiological school they came to 
the conclusion that prolonged psycho-
therapy or psychoanalysis had little more 
effect than simple reassurance and the 
passage of time. Several later writers have 
criticized this conclusion severely by in-
dicating that the same series could be 
used as effectively to reach the exactly 
opposite viewpoint. 
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The Coronary Circulation 
Duncan McPherson, '56 
INTRODUCTION 
A thorough understanding of the anatomy and physiology of the coronary 
circulation is of vital importance because of the frequency of disease in these 
vessels. These changes, (e.g. atheroma and sclerosis), lead to a gradual narrow-
ing of the arterial lumina, insufficiency of the blood supply to the heart muscle, 
and later to angina pectoris and coronary occlusion. 
Today heart disease is the most important medical and public health prob-
lem. The mortality from heart disease comprises one-third of deaths from all 
causes, and equals the sum of the next three causes combined (cancer, cerebro-
vascular accident~. and accidents) . This mortality must ultimately be based on 
either insufficiency of the coronary circulation or disease of the myocardium. It 
has been estimated that one-third to one-half of all persons with organic heart 
disease die of disease of the coronary arteries. These facts indicate the impor-
tance of centering more attention upon this vital part of the circulation. 
Arteries 
The heart is supplied by two arteries, 
the right and left coronaries, which arise 
from the aorta close to its origin. The 
right coronary, from the anterior aortic 
sinus, passes to the right between the 
aorta and the pulmonary trunk in the 
atrioventricular groove as the right cir-
cumflex, and ends in a posterior descend-
ing branch in the posterior interventricu-
lar sulcus. It supplies the right auricle, 
two-thirds of the anterior surface of the 
right ventricle and the diaphragmatic sur-
face of both ventricles. Special branches 
go to the sinoauricular node, the auriculo-
ventricular node, and the bundle of His. 
The left coronary artery, usually larger, 
arises from the left posterior aortic sinus 
and runs forward and to the left for 
about two centimeters to divide into the 
left circumflex branch and the anterior 
descending branch. The circumflex branch 
passes back in the atrioventricular groove 
and supplies the left auricle, and the left 
margin and part of the inferior surface 
of the left ventricle. 
The anterior descending branch passes 
forward in the anterior interventricular 
groove and supplies the anterior wall of 
the left ventricle and the left one-third 
of the anterior wall of the right ventricle. 
The interventricular septum receives 
branches from both coronary arteries. 
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The distribution of the two vessels in 
man falls into one of three distinct pat-
terns. In about one-half of cases the right 
coronary predominates, supplying all of 
the right ventricle, the posterior half of 
the interventricular septum, and part of 
the posterior wall of the left ventricle. 
This type is intermediate between the 
other two types in regard to its suscepti-
bility to disease. In another one-third of 
cases, each coronary supplies its own ven-
tricle, i.e. it is a balanced blood supply. 
This pattern is least vulnerable to athero-
sclerosis and its effects. In the remaining 
one-fifth of cases, the left coronary pre-
dominates. It supplies all of the left ven-
tricle and a variable part of the right ven-
tricle and interventricular septum. This 
type seems to be most susceptible to cor-
onary disease. 
Capillary Bed-As the main coronary 
rami pass superficially toward the apex, 
they give off intramural branches which 
run directly into the myocardium, sub-
dividing many times to form an extensive 
capillary network around the muscle ele-
ments. Lymph channels which surround 
the capillaries drain back into a subepi-
cardial network of lymphatics. 
At birth the muscle fibres are G-9 
microns in diameter and one capillary 
supplies 5-6 fibres. With growth to adult-
hood, the diameter of the fibres becomes 
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12-1 5 microns, while their number re-
mains constant. At the same time the 
number of capillaries increases to give 
one capillary per muscle fibre. At this 
level the capillary density of the heart 
is five times greater than that of the 
brain. 
It may now be appreciated that in 
hypertrophy of the heart, while the fibres 
increase in size, the capillary bed does 
not proliferate. The result is a relative 
reduction in the blood supply to the 
myocardium. 
Venous Drainage-The venous drainage 
is composed of a superficial and a deep 
system. The superficial system drains 
into the coronary sinus, and hence into 
the right atrium. The deep system con-
sists of smaller vessels which open direct-
ly into the heart. 
The coronary sinus is a wide venous 
channel in the posterior part of the atrio-
ventricular groove between the left auricle 
and the left ventricle. It opens into the 
right auricle between the opening of the 
inferior vena cava and the atrioventricular 
orifice. The opening is guarded by a 
semilunar valve. Its tributaries are the 
veins of the superficial system: 
(1) Great Cardiac Vein ascends in the 
anterior interventricular sulcus, receives 
the left marginal vein, and empties into 
the left end of the sinus. 
(2) Small Cardiac Vein runs from the 
right along the atrioventricular g roove, 
and after receiving the right marginal 
vein, empties into the right end of the 
coronary sinus. 
(3) Middle Cardiac Vein passes up the 
posterior interventricular sulcus to enter 
the right end of the sinus. 
(4) Posterior Vein of the left ven-
tricle runs parallel to the middle cardiac 
vein and also enters the sinus. 
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Vessels of the deep venous system open 
directly into the heart cavities: 
(1) Anterior Cardiac Veins, 3 and 4 
in number, open into the right atrium 
after draining the front of the right 
ventricle. 
(2) The Thebesian vessels lie in the 
muscular wall of the heart and open 
directly into all of its cavities. 
The many outlets of the venous sys-
tem allow a factor of safety in case of 
venous occlusion. This is definitely not 
a feature of the arterial supply. 
Functional Co/laterals - The coronaries 
can be regarded as functional, but not 
anatomical end-arteries. There are three 
types of communications: 
( 1) Anastomoses between coronary 
arteries: In the normal heart there is no 
evidence of communications larger than 
40 microns in diameter, even in the 
elderly. However, intercoronary vessels 
40-200 microns in diameter have been 
demonstrated 10 hearts with arterio-
sclerosis or occlusion of a main coronary 
branch. 
(2 )Communications with the cavities 
of the heart: These comprise the The-
besian veins, arterioluminal vessels, and 
arteriosinusoidal vessels. These range in 
size from 50-250 microns in diameter. 
(3) Extracardiac anastomoses: These 
can be shown at the base of the great 
vessels, especially the pulmonary veins. 
Pericardia! adhesions are another example 
of extracardiac communications. 
Certain general conclusions have been 
reached regarding these collaterals. First, 
in the normal heart the total flow through 
all of these vessels is insignificant. No 
significant reversal of flow through the 
Thebesian veins has ever been demon-
strated. There is conclusive evidence that 
the combined intercoronary connections 
existing in normal ventricles are too small 
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to transfer adequate quantities of blood 
under the differential pressures which 
. develop when a main branch is occluded. 
Second, the development of collaterals 
is related to the slow occlusion of a main 
branch. It is related more to the differ-
ential pressure gradients set up than to 
any effect of ischemia, and will result in 
a network of anastomotic channels in 
some cases of coronary disease. These 
channels are a compensatory response to 
sclerosis and pressure change, and not a 
natural concomitant of aging, as was once 
believed. 
METHODS OF STUDY 
Two of the more recently developed 
methods of studying the coronary circu-
lation are described briefly below, to give 
some idea of the difficulties encountered 
in this type of research. 
(I) .Bt1bble Flowmele1' (Soskin, 1934)-
This method measures the mean rate of 
blood flow by timing either visually or 
photoelectrically the passage of an in-
serted air bubble through a glass tube of 
known length and volume which is placed 
between the cut ends of the vessel whose 
flow is being measured. This can be used 
in the anesthetized dog with closed chest. 
Heparinized blood from the right carotid 
artery passes through the flowmeter and 
thence to the anterior descending branch 
or the circumflex branch of the left 
coronary. 
(2) Nitf'OIIS Oxide Method (1948)-
This is based on the Fick Principle, and 
can be expressed by the equation-
nitrous oxide taken 
up by myocardium volume flowing 
coronary A/V nit- = through coronaries 
rous oxide differ-
ence 
Venous blood is obtained via a catheter in 
the coronary sinus, and arterial blood is 
taken from the femoral artery. Regular 
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determinations of blood nitrous oxide 
content are made during saturation and 
desaturation of the heart with nitrous 
oxide. Calculations from this data will 
give the blood flow in ml. per minute 
per 100 grams of myocardium. 
This method is the best yet devised 
for use in either the experimental animal 
or in humans, because the subject is in 
a state much closer to the normal than 
was possible in the older preparations. 
In all methods used in coronary flow 
studies there is a variable interference 
with the normal circulatory system and 
its nervous and metabolic mechanisms. 
Hence, interpretation of .results must be 
guarded. 
NORMAL CORONARY BLOOD FLOW 
AND OXYGEN CONSUMPTION 
Coronary volume flow in man is esti-
mated at 50-75 ml per 100 gm of myo-
cardium per minute, or about 150-225 
ml per minute in the average 300 gm 
human heart. This value has been deter-
mined by the use of the nitrous oxide 
method mentioned above. With a car-
diac output of three to four litres per 
minute, it is seen that the coronary cir-
culation receives about 5% of the total 
cardiac output even though the organ 
comprises only 0.5 % of the body weight. 
The coronary circulation time is about 
8 seconds, as compared to 20 seconds for 
the systemic circulation through the 
limbs. 
The heart requires 7-20% of the total 
oxygen consumption of the body. Cor-
onary venous blood is black in colour. It 
contains 3-6 vol. of oxygen as compared 
to mixed venous blood in the right ven-
tricle which contains 14-16 vol. of 
oxygen. A coronary A/V oxygen dif-
ference of 11-12 vol. % means that 
oxygen extraction by the heart is two-
thirds or more of its maximum value 
even when the heart is at rest. From this 
it is obvious that the heart has much less 
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ability to withstand anoxia than has 
skeletal muscle. Since anoxia is so readily 
produced, the coronary volume flow is 
best correlated with the cardiac oxygen 
consumption. The normal coronary flow 
can be increased up to three or four times 
during strenuous exercise. Hence, under 
these conditions of high cardiac output 
and increased cardiac work, the oxidative 
requirements of the heart are satisfied by 
the increased flow through the coronary 
arteries. 
PHASIC CHANGES IN CORONARY 
FLOW 
The heart is not a quiescent organ. 
The blood flow is greatly affected by 
the changes in pressure on vessels in the 
cardiac muscle and by changing pressures 
in the cavities of the heart during the 
cardiac cycle. In phasic studies it is con-
venient to consider the vessels in two 
groups-those which are superficial or 
eJ.:tramural, and those which are intra-
mural. 
During systole, there is an increased 
flow into the larger extramural vessels . 
.At the same time blood is forced out of 
the intramural vessels in both directions. 
Some is squeezed out of the coronary 
veins into the coronary sinus, but some 
is forced backward into the extramural 
vessels and so reduces inflow from the 
aorta. With rising a.ortic pressure the 
extramural vessels distend to accommo-
date more inflow. The main blood flow 
through the coronary circulation occurs 
during diastole because of the elastic 
recoil of the extramural vessels and the 
removal of the external pressure on the 
smaller intramural vessels by relaxation 
of the ventricle. This phasic variation in 
flow is less marked in the right ventricle 
because of its smaller muscle mass. 
FACTORS REGULATING THE 
CORONARY CIRCULATION 
.Aortic Blood Pressure-As elsewhere in 
the body, the flow in the vascular tree 
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depends on the difference in pressure be-
tween the points of inflow and outflow 
of the system. It stands to reason that, 
all other factors being constant, an in-
creased aortic blood pressure will result 
in an increased coronary flow. This is 
an important mechanism in increasing 
coronary flow during physical exercise. 
The fact that a lowered aortic blood 
pressure leads to reduced coronary flow 
and signs of ischemia is well demon-
strated in cases of hypotension under 
anesthesia. 
It is improbable that coronary flow is 
determined only passively by the aortic 
blood pressure. The energy liberation of 
the heart can be greatly increased whereas 
aortic blood pressure tends to be stabilized 
by various reflex mechanisms. 
Venous PreJJure - .About 60% of the 
coronary blood leaves the system via the 
coronary sinus to the right auricle. The 
rest leaves via the Thebes ian veins. 
Thebesian flow accounts for only 10% 
of the drainage from the left ventricle. 
Because of this, the two ventricles be-
have differently under stress. 
The beginning of heart failure and 
the accompanying high systemic venous 
pressure increases pressure in the right 
heart, and so impedes the coronary venous 
outflow. This in turn leads to more 
failure and even higher venous pressures. 
Lowered aortic pressure further hinders 
the nutrition of the heart. Decreased 
aortic-pulmonary pressure difference, due 
to increased pulmonary pressure and 
lowered aortic pressure, results in a high 
ventricular pressure and a poorer venous 
return through the Thebesian veins. This 
leads to poor right heart nutrition and 
causes the right ventricle to dilate. 
Because of this the right ventricle can 
last only for a short time against mitral 
stenosis or pulmonary fibrosis. 
On the other hand the flow from the 
coronary sinus is not affected by high 
left ventricular pressure, so that the heart 
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can last for years in conditions of in-
creased left ventricular work such as are 
seen with hypertension and aortic valvu-
lar disease. 
Innervation of the Coronaries - The 
action of vagus and sympathetic nerves on 
the coronary vessels is complicated by 
the accompanying effects on aortic blood 
pressure, heart rate, cardiac work and 
oxygen consumption. The present opin-
ion as to the role of these nerves is con-
troversial, but neurogenic regulation of 
flow is felt to be relatively unimportant. 
Eckenhoff (1947) was unable to demon-
strate any vasoconstriction on either sym-
pathetic or parasympathetic stimulation, 
although previously the vagus had been 
thought of as a constrictor. Minute 
amounts of both acetyl-choline and ad-
renaline were found to cause dilation of 
the arteries. 
The great divergence of op1mons on 
this subject is noted by Wiggers, who 
says, "The positiveness of assertions 
seems to bear an inverse relationship to 
the validity of the methods employed and 
definiteness of results obtained." What-
ever the action of the two sets of nerves, 
the influence on the coronary circulation, 
one way or the other, is generally felt 
to be of slight importance. 
Alterations in Output • Exercise-A rise 
in cardiac output with a constant aortic 
pressure causes a marked increase in the 
coronary flow if the vagus nerve is in-
tact. If not intact there is a negligible 
change in coronary flow (Best & Taylor). 
Anrep claims that this is due to a reflex 
inhibition of the vagal vasoconstrictor 
fibres to the coronary arteries. In severe 
muscular exercise vagal tone is decreased 
while cardiac output is increased. Under 
these conditions, coronary flow may be 
increased to four times normal. The 
hypoxia consequent to the increased work 
in the heart is a potent stimulus to cor-
onary dilatation and increased flow. This 
is felt to be the most important influence, 
however it bas been established that vagal 
inhibition does play a part in increasing 
coronary flow. 
In coronary disease increased oxygen 
requirements cannot be met by increases 
in coronary flow and coronary insuffi-
ciency or myocardial ischemia result on 
more or less exertion. 
Extreme overexertion has in rare m-
stances resulted in fatal coronary in-
sufficiency, despite radical reductions in 
visceral blood flow to keep up the blood 
supply to active muscles, heart, and brain 
--even in young adults without coronary 
disease. 
Chemical Factors - Oxygen lAck and 
Carbon Dioxide Excess-The chemical com-
position of blood anq tissue fluids in the 
heart is very important in determining 
the volume of coronary flow. Three main 
factors involved in dilatation of arteries 
are: 
(1) disproportion between oxygen sup-
ply and its utilization (oxygen 
debt). . 
(2) accumulation of carbonic, lactic, 
phosphoric and other acids. 
(3) changes in acid-base balance sec-
ondary to (1) and (2). 
Asphyxia, with decreased oxygen and 
increased carbon dioxide causes increased 
flow (200%) before any change in heart 
rate or aortic pressure is evident. 
Anoxia, produced by breathing air plus 
nitrogen or by injecting cyanide, greatly 
increases flow (200-300%), also before 
changes in heart rate or aortic pressure 
occur. 
Increased amounts of carbon dioxide 
in inspired air do not cause a significant 
increase in flow before aortic pressure 
and heart action are affected. 
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The above results were observed in 
anesthetized dogs and various other 
preparations of revived human hearts and 
are believed to hold true in man. 
From these observations it is concluded 
that anoxia causes a relaxation of the 
walls of the coronary vessels, acting via 
a direct effect upon the smooth muscle 
in the vessel wall, and also through a 
reduced myocardial tension on the intra-
mural vessels. The anoxia is probably 
in the myocardium, acting from there 
on the vessels. 
Normally the heart uses 75-80% of the 
oJ~:ygen delivered to it. This is the same 
oxygen utilization coefficient as working 
striated muscle. As the oxygen content of 
arterial blood is decreased from 18 vol. 
% to 4 vol. %, the cardiac coronary flow 
is increased up to five times without any 
great change in cardiac work. Anoxia is 
a more potent dilator than any drug. 
The accumulation of carbonic, phos-
phoric, lactic, and pyruvic acids is sec-
ondary to anoxia. They are not nearly as 
important in causing dilatation as is 
anoxia itself. These metabolites have little 
effect in the absence of a reduced oxygen 
supply. 
At this point it is well to consider 
Eckenhoffs conclusions regarding the 
use of 100% oxygen in cases of coronary 
occlusion. He consistently observed in 
dogs that oxygen in 100% concentration 
decreased the coronary flow, even though 
the blood pressure was normal or as much 
as 10% increased. This same effect was 
observed in cerebral vessels. In view of 
this it is unlikely that the slight increase 
in oxygen content in arterial blood on 
the inhalation of 100% oxygen can reach 
an infarcted area after occlusion. Also, 
such inhalation abrogates the reduction 
of coronary resistance following low 
oxygen pressures in the blood. Therefore 
the therapeutic use of oxygen after 
occlusion is of doubtful value. 
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Variations in the Heart Rate-Within 
the physiological range, that is 70-180 
beats per minute, the heart rate has little 
effect on the coronary flow. Rates above 
this decrease the flow, since diastole is 
shortened relative to systole, and the total 
diastolic time is reduced. This explains 
heart failure following prolonged abnor-
mal rapid rhythms, such as in paroxysmal 
tachycardia. At slower rates diastole is 
greater relative to systole. Consequently 
the flow is increased slightly at rates 
below 70, if all other factors are constant. 
Viscosity of the Blood-Coronary flow 
also depends on blood viscosity. Greater 
viscosity means less flow. This is sig-
nificant in shock, where the increased 
viscosity and slowed coronary flow may 
favour development of a thrombus in a 
narrowed coronary artery. Also, this fac-
tor may account for the common occur-
ence of coronary thrombosis in primary 
polycythemia. The rationale behind the 
use of fluids to cause hemodilution and 
consequent blood viscosity in this type 
of case is obvious. 
THE EFFECTS OF DRUGS ON THE 
PULMONARY CIRCULATION 
There is a good deal of confusion in 
regard to the action of many drugs on 
the coronary arteries. There are many 
variables to be controlled in these ex-
periments and many difficulties in get-
ting a suitable preparation set up. 
Coronary blood flow is the usual 
measuring instrument for drug action, 
yet it varies with the heart rate, aortic 
blood pressure, calibre and resistance of 
coronaries, coronary venous pressure, 
blood viscosity, and phase and strength 
of ventricular contraction. All of these 
in turn depend on other factors such as 
nervous control of the arteries, metabolic 
changes in heart muscle, intra-auricular 
and intraventricular pressures, and degree 
of dilatation. Often it may be difficult to 
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assess whether the drug is operating 
through direct dilatation of vessels, or 
whether it is working indirectly through 
one of the factors mentioned above. The 
following is a brief listing of the present 
conclusions regarding the action of drugs. 
With few exceptions, e.g. pitressin, 
most drugs cause vasodilatation of the 
coronaries. 
Nitrites: Sodium and amyl nitrite, and 
organic nitrites like nitroglycerine and 
mannitol hexanitrate, all act directly on the 
smooth muscle of the coronary arteries to 
cause dilation. Thus flow increases despite 
their action of peripheral vasodilatation 
and the resultant fall in blood pressure. 
Even in sclerotic arteries they may help 
by affecting smaller, uninvolved arterioles 
- hence their benefit in anginal pain. 
Nitroglycerine has fewer side effects, acts 
quickly, and is most often used. 
Morphine : It is believed to have some 
dilating effect. In acute thrombosis its 
best effect is to increase the efficiency of 
the heart indirectly by relieving dyspnea 
and improving pulmonary ventilation. 
Papaverine: It has a dilating action and 
is used clinically for angina and pain of 
myocardial infarction. 
A tropine: It is unlikely that usual clinical 
doses have any effect on coronary blood 
flow in humans. 
DigitaJis: In therapeutic amounts it does 
not appreciably alter the coronary blood 
flow. Therefore, it may be used freely 
as indicated in patients with coronary 
artery disease. 
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AdrenaJine: It is a weak coronary dila-
tor. It increases coronary flow by causing 
a rise in the heart rate and blood pres-
sure. Because it increases the work of 
the heart, it is not used in coronary 
disease. 
Xanthines: The value of these drugs in 
relieving anginal pain is not settled. 
Pitressin: It causes a marked constriction, 
reducing coronary blood flow to a mini-
mum. It should be used with caution m 
patients with coronary disease. 
Khellin: It is a plant extract said to have 
a dilating effect and has been used 
clinically to relieve prolonged anginal 
seizures. 
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The · Treatment of 
Myocardial Infarction 
W. J. M. Cameron, MD., F.R.C.P.(C.) 
INTRODUCfiON 
Both the clinical syndrome of angina pectoris and the pathological picture 
of coronary artery disease were known and described in the early part of the 
eighteenth century-almost two hundred and fifty ;ears ago. It is therefore dif-
ficult to understand why the dose relationship o these two entities has been 
universally accepted only in modern times. .As recently as 1909 .Ailbutt regrette-d 
that "modern authors should rehearse the tiresome burden of 'coronary angina', 
as if the two conceptions of coronary disease and angina pectoris were synony-
mous", and referred to the theory of intermittent claudication of the heart as 
"pretty fancy" . It remained for Herrick, in his classical publication in 1912, to 
correlate the findings of the clinician and the pathologist and to describe in detail 
the clinical features of occ.lusion of the coronary arteries. Still further years 
passed before the medical profession as a whole became familiar with this new 
concept, for in the Presbyterian Hospital, New York, the clinical diagnosis of 
coronary thrombosis was made only 7 times between the years 1910 and 1920, 
as compared to 4~4 diagnoses between 1920 and 1930. Rational therapy based 
on anatomical and physiological considerations therefore dates back only thirty-
five years, and while many advances have been made over this period, much con-
fusion still exists regarding some aspects of coronary artery disease. 
The treatment of myocardial infarction 
involves four basic principles: 
is permissible to give not more than 1/4 
gr. of morphine intravenously, but it 
should be remembered that this carries 
with it considerable risk and should never 
become a routine procedure. 
1. Relief of pain. 
2. Mental and physical rest until the 
infarcted area has healed. 
3. Prevention of complications and 
their treatment if they occur. 
4. Readjustment of patient's way of 
life following recovery from the 
acute phase. 
Relief of Pain 
The drug of choice in the relief of the 
pain of myocardial infarction is morphine 
sulphate, which should be given in ade-
quate dosage, and frequently enough to 
keep the patient comfortable. It may be 
necessary initially to give repeated injec-
tions of 1/4 to 1/3 gr. at intervals of 15 
to 30 minutes to produce and maintain 
relief, and in many patients occasional 
injections may be required over the first 
few days. When the pain is extreme, it 
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If nausea or vomiting occur, or if the 
patient is sensitive to morphine, demerol 
100- 150 mgm. or pantopon 20 mgm. 
may be substituted. 
Oxygen, preferably given 100% by 
mask, is also frequently of great assist-
ance in relieving pain, and is now readily 
available in most areas. Codeine is rarely 
of value, and nitroglycerine is contraindi-
cated during the acute phase due to its 
frequent action in lowering the blood 
pressure and further embarrassing the 
coronary circulation. 
Rest 
The principal object of mental and 
physical rest is to reduce, as far as pos-
sible, the work of the heart until such 
a time as the infarcted area has healed. 
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How this can best be accomplished is 
still a subject of considerable controversy, 
some physicians adhering to the old pro-
gram of complete bed rest for a prolonged 
period, others advocating a more liberal 
routine even to the point of ambulant 
management. 
It would seem that the correct course 
probably lies between these two extremes, 
providing adequate physical rest for the 
patient but avoiding, except when neces-
sary, irksome restrictions which, through 
their effect on his emotional state, may 
do more harm than good. Thus, after 
the first few days of observation, if the 
patient's general condition appears good, 
pain has not recurred, and blood pressure 
has remained at a good level, the head 
of his bed may ·be raised if it will add 
to his comfort and he may be allowed to 
feed himself. Instead of using a bedpan 
he may be assisted to a bedside commode, 
or if such is not available may be taken 
to the bathroom in a wheelchair, for, as 
William G. Leaman so aptly remarks, "The 
performance of the Valsalva experiment 
in an uphill direction does not contribute 
to an uncomplicated recovery." Older 
patients with uncomplicated infarction 
should not be kept flat in bed for long 
periods, and may even be permitted to sit 
in a chair beside the bed for an hour or 
two at a time, as such individuals are par-
ticularly prone to pulmonary infections 
and thromboembolism. 
A minimum of 3 to 4 weeks should be 
spent on this regime, although much 
longer periods may be required following 
severe attacks or the occurrence of com-
plications. During this time a mild seda-
tive such as sodium amytal gr. Vz three 
or four times daily may be of great assist-
ance in controlling restlessness and pro-
moting relaxation. The diet should avoid 
heavy meals but may otherwise be normal 
in composition and to the patient's taste. 
Sodium restriction is unnecessary in the 
absence of hypertension or heart failure. 
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A mild laxative or small saline enema 
may be given as required to regulate 
bowel function. 
The routine use of aminophyllin, papa-
verine, or other drugs which theoretically 
act as coronary dilators, is still recom-
mended by some physicians but is of 
doubtful value. 
Following the period of be.d rest, the 
patient should be ambulated gradually 
over a further period of 3 to 4 weeks, 
and it is generally felt that an additional 
month should be allowed for physical and 
mental re-adjustment before considering 
a return to modified activity. 
Complications 
Complete cooperation by the patient 
and adequate rest form the best insurance 
against most of the complications of myo-
cardial infarction. On the other hand, 
and particularly in older patients, bed rest 
predisposes towards phlebothrombosis and 
subsequent embolism, and some measures 
should be taken to guard against such 
occurrences. Mild leg exercises and gentle 
massage are of considerable help in this 
regard. and also assist in later ambulation 
by keeping up the tone of the muscula-
ture. Deep breathing exercises may be 
of value in preventing pulmonary compli-
cations such as pneumonia and atelectasis. 
Thromboembolism-Mum has appeared 
in the medical literature of the past ten 
years concerning the use of anticoagulants 
in myocardial infarction, and there is still 
a great deal of controversy regarding the 
value of these drugs in reducing the mor-
tality and the morbidity of this disease. 
Undoubtedly there are many patients who 
run an uncomplicated course to good re-
covery without anticoagulants. Unfor-
tunately too, the occurrence of hemor-
rhagic manifestations, sometimes fatal, 
has been reported not infrequently dur-
ing the use of these drugs. It is impos-
sible, however, to disregard the results 
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of large, well controlled series, such as 
that of Wright et al, showing a signi-
ficant decrease in the thromboembolic 
complications in the treated group when 
compared to a control group of equal 
size, and these findings have been con-
firmed by many other observers. It would 
seem, therefore, that the value of reducing 
the coagulability of the blood in this dis-
ease has been definitely established, and 
that the doubts expressed by some regard-
ing this procedure refer rather to the dif-
ficulties and the dangers of accomplish-
ing this purpose with the drugs which 
are available at present. Most authors 
agree that unless the physician is ex-
perienced in the administration of these 
drugs, and unless the laboratory facilities 
for the control of their dosage are be-
yond question, anticoagulants should not 
be used. We believe, however, that if 
these criteria are satisfied, anticoagulant 
therapy is relatively safe and constitutes 
a definite advance in the treatment of 
myocardial infarction. 
There remains the question as to which 
patients should be anticoagulated and 
which should not. Obviously, individuals 
with a history of liver disease, severe 
renal impairment, blood dyscrasias asso-
ciated with hemorrhage, carcinoma of the 
gastro-intestinal tract, etc., should not be 
given anticoagulants. There has also been 
a growing feeling in some areas that they 
are not required in younger patients with 
a small area of infarction who appear to 
be doing well. Smith and associates, how-
ever, point out that it is seldom possible 
to predict the future course of a patient 
during the first few days of his illness, 
and feel that anticoagulants should be 
used in all cases of myocardial infarction 
unless a definite contra-indication exists. 
This question remains to be settled, but 
it seems probable that when a more ideal 
anticoagulant is developed, with less tox-
icity and greater ease of control, the use 
of this principle will become routine in 
the treatment of this disease. 
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Of the increasing number of anticoagu-
lants today, the safest and best would 
appear to be dicoumarol and tromexan. 
A pre-treatment prothrombin time should 
always be done, and if normal, an initial 
dose of 300 mgm. of dicoumarol (800 
mgm. tromexan) is given, followed by 
100-200 mgm. dicoumarol (300-600 mgm. 
tromexan) on the second day, and sub-
sequent doses as required depending on 
a daily prothombin estimation. A drop 
of clotting activity to about 30% of nor-
mal should be attempted, this being re-
flected by a rise in the prothrombin time 
to 2-3 times the normal level. The physi-
cian should be well acquainted with the 
normal prothrombin time level which 
varies to a considerable extent in dif-
ferent centres depending on the labora-
tory technique employed. If the clotting 
activity falls too low, or if hemorrhagic 
manifestations appear, vitamin K, 75-100 
mgm. may be given hypodermically, and 
will usually produce a definite increase 
in clotting activity within 6-8 hours. If 
more urgent measures are necessary, trans-
fusion with fresh whole blood will re-
store prothrombin activity more rapidly. 
Anticoagulant therapy should be con-
tinued during the period of bed rest and 
should be discontinued when the patient 
has become ambulatory. Long term anti-
coagulant therapy, continued over a per-
iod of months or years in the ambulant 
patient has recently been suggested, but 
in view of the obvious risk is not recom-
mended in the present state of our 
knowledge. 
Shock-Shock may occur immediately 
following acute myocardial infarction, or 
may appear later, secondary to the devel-
opment of an arrhythmia or other com-
plication, and constitutes a medical emer-
gency. Treatment should not be delayed, 
for unless recovery is rapid, permanent 
tissue damage may result even though the 
patient ultimately lives. Morphine for 
pain if required, elevation of the foot of 
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the bed unless acutely short of breath, 
oxygen by mask and elastic bandages to 
the legs may initiate prompt recovery. 
Pressor drugs may be required - caffeine 
sodium benzoate 7V2 gr. hypodermically, 
paredrine 10-20 mgm. intramuscularly, or 
neo-synephrin 5 mgm. intramuscularly or 
intravenously. Recently, these prepara-
tions have been largely replaced by the 
use of noe-l-epinephrine, given by con-
tinuous intravenous drip in a concentra-
tion of 2-3 ampoules (8-12 c.c.) in 1000 
cc. of glucose in distilled water. By care-
ful regulation of the rate of flow, the 
blood pressure can usually be maintained 
at the desired level until the patient re-
gains ability to maintain his pressure 
without assistance. Correction of arrhyth-
mias, or of left ventricular failure, if 
present, will also require attention. 
Left Ventricular Failure-Heart failure 
following myocardial infarction requires 
treatment in the same manner, and just 
as urgently as under other circumstances. 
In case of emergency, lanatoside C, given 
intravenously in full digitalizing dose of 
1.4 to 1.6 mgm., or in two doses of 0.8 
mgm. an hour or two apart, will produce 
a rapid digitalis effect. If not urgent, 
digitalization may be accomplished more 
safely with digitalis leaf or digitoxin in 
the usual manner. Oxygen, by mask or 
by tent, should be used freely as required, 
and unless shock is present or impend-
ing, mercurial diuretics may be given as 
necessary. These measures should be fol-
lowed by sodium restriction, sedation if re-
quired, and maintenance of digitalization. 
.A"hythmias-An appreciable number of 
the deaths following myocardial infarc-
tion can be attributed to the development 
of cardiac arrhythmias, notably ventricu-
lar tachycardia and ventricular fibrilla-
tion. Some years ago, it was the routine 
practice of some clinics to give quinidine 
sulphate to all cases of myocardial in-
farction as a prophylactic measure, but 
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this procedure has now been discontin-
ued as quinidine therapy has definite ad-
verse effects in some cases. If, however, 
frequent ventricular premature beats ap-
pear, a more serious arrhythmia· may be 
impending, and quinidine should be ad-
ministered in dosage of 3-6 gr. every four 
hours. Procaine amide, .25-.5 gm. every 
four hours may be substituted for quini-
dine, and is probably the treatment of 
choice for ventric~lar tachycardia, where 
it may be given intramuscularly in dosage 
of .5- 1 gm. If the patient's condition is 
critical, procaine amide may be given in-
travenously at a rate of 100 mgm. per 
minute up to a maximum of 1 gm., some-
times with life-saving results. 
Auricular fibrillation, auricular flutter, 
Stokes-Adams attacks, and almost any 
other arrhythmia may occur following 
myocardial infarction, and are treated in 
the usual manner. 
Readjustment of Future Life 
In the average case, the patient should 
not be allowed to return to work until 
two or three months have elapsed fol-
lowing his acute episode. This period, 
and the instructions given to him, will 
vary to a considerable extent depending 
on the severity of his clinical course, his 
personality, age, financial status, type of 
occupation, and other factors peculiar to 
his case. In general, he should be told 
of the facts regarding his illness, as he 
will undoubtedly hear many incorrect and 
garbled versions from friends and well 
wishers, all of which tend to confuse 
rather than help. He should be advised 
of the importance of exercising modera-
tion in both his physical and emotional 
activities, and of learning to live with his 
heart and accept his disability. He should 
get adequate rest, and in this regard, a 
short period of relaxation in the middle 
of the day seems particularly beneficial. 
He should be cautioned against gaining 
weight, and if already overweight, some 
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corrective effort should be made. The 
use of alcohol in moderate amounts will 
do no harm, and although there is some 
difference of opinion, tobacco is also per-
mitted in moderation. 
A balance must be sought between too 
much and too little restriction of life, not 
only from the standpoint of longevity 
but also from the view of mental health. 
With reasonable care, the patient may en-
joy a happy life to a ripe old age. 
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The Diagnosis 
of Congestive 
Congestive heart failure results from 
inefficiency of the heart as a pump. This 
may be due to failure of maintenance of 
propulsion of arterial blood in sufficient 
quantity to vital organs, mainly the kid-
ney, or to back pressure from failure to 
empty in systole. In some cases, as in 
anemia and hyperthyroidism, the funda-
mental cause is remote from the heart 
itself. In these conditions it has been 
shown that the cardiac output at rest is 
actually increased above the normal. 
It is clearly of the utmost significance 
to recognise the underlying cause of heart 
failure in order that appropriate therapy 
may be undertaken. Such terms as "myo-
carditis" and "degenerative heart disease" 
have lulled the physician into false securi-
ty in the presence of thyrotoxicosis, ane-
mia or constrictive pericarditis. All these 
are remediable, but none remediable by 
the application of routine methods of 
treatment for congestive heart failure. 
Left ventricular failure may onset 
abruptly with acute pulmonary edema or 
cardiac asthma, often nocturnal. More 
commonly it appears as unaccustomed 
dyspnea on ordinary activity, or restless-
ness or shortness of breath at night, which 
is relieved by using extra pillows. 
Right-sided heart failure may be abrupt, 
as the result of pulmonary embolism, or 
insidious after years of disability from 
bronchitis, emphysema and asthma. The 
commonest cause of right-sided heart 
failure is left-sided heart failure, and it 
and Treatment 
Heart Failure 
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may be necessary to assess the history of 
years of dyspnea or cough to make the 
office differentiation. 
The use of circulation times measur-
ing arm-to-lung and arm-to-tongue times, 
allows an approximate differentiation of 
chamber contribution to the failure pres-
ent. Unfortunately these tests depend 
upon patient cooperation, which may not 
always be possible. 
The treatment of left ventricular failure 
consists of rest in the fullest sense of the 
term, diet, digitalization and mercurial 
diuretics. The initial period of rest seems 
most important. The blacksmith who 
pants may be restricted to his chair. The 
executive with similar symptoms may re-
quire absolute rest in Fowler's position. 
During this period, those people capable 
of accepting philosophy should be in-
doctrinated into the probable few limita-
tions of their activity. The remainder are 
at least shown the advantage of submit-
ting gracefully to the doctor's advice. 
A small dose of barbiturate during the 
day, and a sufficient ration to promote 
sleep at night, are not only merciful but 
seem helpful. 
In the milder forms of congestive fail-
ure, four light meals with salt restriction 
are indicated. My own routine is to ad-
vise the immediate use of a type of 
pressure-cooker, which leaves the food 
palatable without salt added when cook-
ing or when served. This coupled with 
•Assistant Professor of Me<licine, University of Western Ontario. 
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the avoidance of known high salt foods, 
such as nuts, pickles and condiments, and 
restriction of bread to two or three slices 
per day and one square of butter, gives 
the patient adequate salt restriction. This 
amounts to an approximate 3 gram 
sodium chloride daily intake. 
In the face of more severe congestive 
failure, where management at home or 
in a small hospital must be undertaken, 
the use of the Karrell diet for the first 
three to five days controls salt intake 
without confusion on the part of the 
patient's attendants. 
Digitalis was introduced by Withering 
as a diuretic, and it still is one. Mild 
degrees of failure are controlled by the 
introduction of the state of digitalization, 
combined with rest and dietary measures. 
Digitalization should be induced regard-
less of the rhythm, except in those few 
cases where the rate is slow and the 
rhythm is regular. There is no prepara-
tion of digitalis superior to the digitalis 
leaf given by mouth by the experienced 
physician. There are many glucosides 
more dangerous, as irregular in their 
absorption, and with a much narrower 
range between therapeutic and toxic dose. 
The sole glucoside with the advantage of 
total absorption is digitoxin. It has no 
pharmacological advantage but this, and 
it has the great disadvantage of giving 
rise at times to the more serious cardiac 
toxicity before the less serious systemic 
toxicity appears. Once digitalization has 
been induced, the maintenance dose will 
almost always be necessary for the re-
mainder of the patient's life. 
Mercurial Diuretics-These more recently 
introduced diuretic agents should be re-
served for the more severe congestive 
failure or for those patients incompletely 
relieved by the foregoing measures. It 
is my opinion that it is now rarely ad-
visable to give intravenous mercurials. 
My own preference is for 1 to 2 c.c. 
of thiomerin given subcutaneously into 
58 
edema-free tissues, or mercuhydrin 2 c.c. 
given intramuscularly. Ammonium chlor-
ide should be given at regular periods 
(e.g. the first three days of each week) 
to persons receiving these drugs. It is 
important to remember that mercurial 
diuretics owe their effect to the blockade 
of sodium reabsorption by the renal 
tubule. These agents may be used two 
or three times a week at the outset, and 
are of frequent value used weekly in 
people who remain breathless after re-
turn to light work. At times when the 
presence of congestive heart failure in an 
early stage is suspected, it is justified to 
administer a mercurial diuretic as a diag-
nostic test. Profuse diuresis with subjec-
tive improvement is good evidence that 
early congestive heart failure is present. 
Other means have been more recently 
introduced to reduce bodily intake of 
salt. The rice diet is one. The use of 
exchange resins is another. Most recent 
is the introduction of carbonic anhydrase 
inhibitors. The latter interfere with the 
r-eabsorption of sodium from the glomeru-
lar filtrate by the renal tubule. Satisfac-
tory to brilliant clinical reports have ap-
peared from some sources, but are not 
confirmed by others. We have seen what 
appears to be gratifying diuresis in some 
patients, with disappointing results in 
others. Prolonged use of this substance 
results in anorexia, headache, weakness 
and disappearance of diuretic effect. 
Therefore it would seem only suitable as 
intermittent treatment in occasional pa-
tients who respond. 
Where the inexperienced enthusiastic 
physician uses all means of favouring salt 
diuresis while restricting and blocking 
salt absorption, the incidence of the low 
salt syndrome may be expected to occur. 
This is characterized by asthenia, mental 
torpor, hypotension, suppression of urine, 
and a rising nonprotein nitrogen, often 
with increasing edema. The administra-
tion of mercurial diuretic results in no 
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diuresis in this state. The treatment con-
sists of the administration of salt solu-
tion intravenously, without the accom-
panying use of mercurial diuretics or car-
bonic anhydrase inhibitors. 
In the edema-free patient, this state 
may represent absolute body deficit of 
salt. In the edematous patient this state 
may represent a dilution phenomenon. 
The latter state is particularly hazardous 
as far as therapy is concerned, since the 
infusion of saline may serve only to in-
crease the edema. However, at times 
diuresis occurs as the result of the saline 
infusion alone, with clinical improvement. 
As time elapses it becomes clearer that 
one must select the means that one will 
use, tailored to the tastes of the patient-
restriction of sodium intake to a~ ex-
treme, or facilitation of sodium removal, 
but not both. In our Cardiac Clinic it 
was found that only some 10% of patients 
would consistently follow a so-called salt-
free diet. In practice it seems impracti-
cable with most patients. 
It may be possible in the future that 
the treatment of congestive heart failure, 
especially of milder grade, may be mini-
mal dietary restriction of salt, with the 
taking of a pleasant palatable exchange 
resin, not now available. At the present 
time one too often sees a combination of 
low salt diet, exchange resin, the water 
diuresis of Schemm, with the use of mer-
curial diuretics applied to an individual 
already sick with congestive heart failure. 
Common sense and reflection are the anti-
dotes to such therapeutic extremes. 
Acute pulmonary edema is a medical 
emergency. Often the patient will sur-
vive without treatment, but such outcome 
is always unpredictable. The administra-
tion of morphine, and the reduction of 
right heart filling by either rapid phle-
botomy in the non-anemic patient, or the 
use of multiple tourniquets are dramatic 
in their effect. At times one sees patients 
who have reached the stage of peripheral 
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vascular collapse which is irreversible. If 
available, oxygen should be used in the 
treatment of this state. The interval man-
agement is of great importance. These 
patients should be digitalized, with salt 
restriction and mercurial diur·etics to pre-
vent further attacks. 
Primarily, right-sided heart failure is 
treated similarly to chronic left heart 
failure. Except in those cases resulting 
from multiple pulmonary embolism, the 
results of therapy are less gratifying, since 
the underlying pulmonary lesion is irre-
versible. In this group the greatest care 
should be taken to pick up those few for-
tunates, their number not insignificant, 
who owe their right-sided heart failure 
to recurrent pulmonary embolism. In spite 
of theoretical objection, our experience 
with venous ligation has been gratifying. 
The most gratifying have been those in-
valided patients with fairly extensive 
phlebitic swelling who have recovered 
economic independence as the result of 
inferior vena cava ligation. 
The use of anticoagulation therapy 
carries the disadvantage of uncertainty of 
duration of treatment With heparin. When 
a potent and safe anticoagulant is ob-
tained, the incidence of pulmonary em-
bolism in congestive heart failure makes 
it probable that anticoagulant therapy 
will be added to the routine of treatment 
in many cases. 
SUMMARY 
1. Rational therapy of congestive heart 
failure is not possible without an 
etiological diagnosis. 
2. Left-sided heart failure is character-
ized by the symptom of dyspnea and 
the sign of basal lung moisture. Its 
treatment is by rest, salt restriction 
and digitalis. Diligent therapy brings 
gratifying results. 
3. Right-sided heart failure is character-
ized by venous distention, liver en-
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largement and peripheral edema. Its 
management is similar to that of 
chronic left-sided failure. The pos-
sibility of a recurrent pulmonary em-
bolism should be borne in mind. 
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